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Introduction

The Air Force Technical Applications Center (AFTAC), in cooperation with the Centre National
Pour La Recherche Scientifique et Technique Laboratore De Geophysique (CNRST), recently
investigated potential seismic array sites in Morocco. Three potential sites were identified and
investigated to determine which was the most viable. This report describes the site investigation
process and summarizes the results of the site surveys.

Site Survey Format.

The site survey format in this report includes:
"* Area map showing survey station sites
"* General description of site and surrounding area

Site description
Site geology
Noise spectra
Noise and event data
Topographic map showing coordinates and elevation

"* Accessibility
"* Power availability
"* Communications availability
"* Site comparison tables

Site Selection Criteria.

Several criteria are used in the site selection process. Information related to these criteria are
addressed in this report. The criteria are:

"* Lowest seismic noise level
"* Highest signal-to-noise ratio
"* Competent rock for seismometer emplacement
"* Suitable topography for line-of-sight radio telemetry
"* Physical accessibility via existing roads
"* Power/communications availability
"* Logistical supportability

Site Selection Process.

The basic steps for site selection are:
"* Conduct literature study to select candidate locations for site surveys
"* Conduct field survey at each candidate location and collect seismic noise data
"* Compile and evaluate all data

The site investigation for the Moroccan seismic array followed this process.
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Pre-Survey Studies

The initial step in selecting candidate sites was to gather available information on the area,
including topography, geology, climate, and other characteristics which are considered in the site
selection process. Geologic and topographic maps were obtained for several areas and were used
to identify potential array locations. In this initial search, the main consideration focused on
identifying sites with a high probability of finding granite at the surface for adequate sensor
coupling and regional signal detection. In addition, the topography of the site had to facilitate line-
of-sight radio communications within a 4-kilometer array aperture. Fourteen sites were initially
selected for the investigation throughout northern and central Morocco. Eleven sites were
eliminated because they were too close to a sea coast, too small to support an array, or had too much
relief. The following paragraphs provide descriptions of the tectonic setting, geology, and cultural
activities found in the areas of the three remaining sites.

Appendix A provides pre-survey material consisting of maps and imagery.
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General Location Map of the Survey Areas.

The general survey areas are shown on the Morocco country map indicated by green circles in
Figure 1 below. Site 1 is located about 60 kilometers (kin) southwest of the town of Oujda and
about 80 km south of the Mediterranean Sea coast. Site 2 is located about 50 km west of the town
of Midelt between the High Atlas Mountains to the north and the Middle Atlas Mountains to the
south. Site 3 is located south of the High Atlas Mountains about 30 km south of the town of
Tinerhir. Paved all-weather highways connect most major towns throughout the country. The
roads into the survey areas are either gravel or unimproved dirt.

Location Map of Survey Areas
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Figure 1. Political map of Morocco with the general areas of investigation circled.
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General Geologic Map of Survey Areas.

On the geologic map shown (Figure 2) are outlined the boundary areas of the three sites identified
for additional investigation. Each of these sites will now be described in more detail.

Geologic Map of Survey Areas

Figure 2a. Geology map of Morocco indicating locations of the three sites. Granitic rocks are
denoted as solid red. Green circles show survey areas.
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Site 1 (Oujda) Description.

Geology Summary. This area has a small granitic intrusive. A portion of a geologic map of this
area follows Site 1 survey area is circled in black.

Geologic Map of Site 1
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Figure 3a. Location of the granitic intrusive for Site 1.
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Figure 3b. Legend for geological map in Figure 3a. Pinks and reds are granuites.
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Figure 4. Landsat image of the area proposed for Site 1. Note the rough topography outside of
the immediate area.
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Noise Survey. Noise data were collected from a 5-sensor circular array with a diameter of
approximately 1 km. See Appendix A, Sensor Coordinates, for the sensor locations. We used the
highest hill in the middle of our 5-sensor array for our intrasite communications due to the many
depressions and creek beds found in this rough terrain.

Topographic Map of Site 1
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Figure 5. Map of Site 1 survey area. Site 1 is of low-to-moderate relief and is dissected by several
small river valleys. An unimproved dirt road leads from the town of Tanacherfi east
into Site 1.

Cultural Noise Sources. This is mainly an agricultural area used for farming and grazing. There
are several wells in the area which use gasoline-powered pumps to irrigate the fields. There are
dirt roads throughout the area and paved roads to the west and north of the site. Traffic appears to
be light. No heavy industry or power generation exists in this area. About 15 km south of the site,
the Moulouya River is dammed by a 100-meter dam. No hydroelectric power is generated by this
dam. Dozens of daily explosions were noted in the analysis, coming from the east.
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View of Site 1

igure oto o te survey area.

Accessibility. Access to the survey area is via paved road to the town of Tanacherfi, and through
the center of the proposed array area. Dirt roads lead off of this paved road into other locations in
the proposed array area.

Communications Consideration. A microwave link was noted in the town, and a nearby high

mountain top had an army communications center and a television transmission tower.

Power. Commercial power is available approximately 2 km from site.

Land Owner. The land is community/township owned.

Morocco Noise Survey Report 10



Site 2 (Midelt) Description.

Geology Summary. The area of Site 2 has a small granitic intrusive, surrounded by sedimentary
rocks. The granitic rocks are exposed at the surface with, at most, several meters thickness of the
sedimentary rocks on top.

Geologic Map of Site 2
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Figure 7. Location of the survey area for Site 2.
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Figure 8. Landsat image of granite for Site 2 with a 4 km array superimposed. Note that the plateau is
deeply dissected, and a highway runs along the north and west perimeters.
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